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THE MAILING DATE OF THIS COMMUNICATION. 

- Extensions of time may be available under the provisions of 37 CFR 1 . 1 36(a). In no event, however, may a reply be timely filed 
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DETAILED ACTION 
Continued Examination Under 37 CFR LI 14 

1 . A request for continued examination under 37 CFR 1.114, including the fee set forth in 
37 CFR 1 .17(e), was filed in this application after final rejection. Since this application is 
eligible for continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17(e) 

has.b.een timely .paid^theiinality..o£the..preyious Office.action has been wkhdrawnjiursuantJxx^ 

37 CFR 1.1 14. Applicant's submission filed on December 2, 2002 and January 30, 2003 has 

been entered. 

Amendment 

2. Amendment filed December 2, 2002 and January 30, 2003 have been entered as Paper 
No. 23 and 27, respectively. Claims 14 and 40 have been canceled. Claims 1, 2, 4, 5, 9, 10, 15, 
39, 41-48 have been amended. Claims 49-53 have been added. Claims 1-6, 9, 10, 12, 13, 15, 
17-39 and 41-53 are pending. 

Claim Rejections - 35 USC §102 

-Xhs -following -is~s^ U.S.C. 102 that form the 

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

3. Claims 1, 9, 10, 12, 13, 15, 17-20, 30-39, 41, 42, 46-49 and 52 are rejected under 35 
U.S.C 102(b) as being clearly anticipated by Mehta et al. (U.S. Patent No. 5,646,063) (cited 
previously). 
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With respect to claim 1, Mehta teaches a method of fabricating a semiconductor device as 
claimed including: 

(a) forming an oxidation prevention film (18) on a circuit formation surface of a 
semiconductor substrate (12); 

(b) forming a trench (44) having a desired depth at a predetermined position of the circuit 
formation surface of.the-semiconductor,substrate.(12) J the trench having an upper end portions- 
adjacent the circuit formation surface of the semiconductor substrate; 

(c) oxidizing a trench portion formed in the semiconductor substrate (12), exposed in the 

trench; 

(d) burying a buried insulating film (60) into the trench (44) so oxidized; 

(e) after burying the buried insulating film (60), removing the insulating film (60) on the 
oxidation prevention film (18); 

(f) after the removing, oxidizing only a portion of the upper end portion of the trench, and 
not substantially at other portion of the semiconductor substrate lining the trench, so as to 
provide a curvature of the upper end portion of the trench; 

_ 1 -y p y v»»»»u»-A-. 0 — ^^w^-.^— j -. . ^^<*.~ v ^ ~ y . - «>---■■.- w--- — - ~ — 7 

and 

(h) after eliminating, forming a gate oxide film (135). (See Figs. 1-9). 

With respect to claim 9, as best understood by the examiner, Mehta teaches a method of 
fabricating a semiconductor device as claimed including: 
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(a) forming an oxidation prevention film (18) on a circuit formation surface of a 
semiconductor substrate (12); 

(b) forming trench regions (44) in the substrate from the circuit formation surface thereof; 

(c) performing a first oxidation to form an oxide film (56) on the trench regions (44) 
formed in step (b), and 

. „ (d) forming an insulating £lirL(60)inside-the-Oxidized trench regions. (44) so-aslo - 

completely fill them, thereby forming completely filled trench regions, and forming the 
insulating film (60) on the oxidation prevention film (18), 

(e) removing the insulating film (60) formed on the oxidation prevention film (18); 

(f) after the removing, performing a second oxidation to selectively oxidize only an 
opening side of the completely filled trench regions in the substrate; and 

(g) after performing the second oxidation, removing the oxidation prevention film (18), 
and forming a gate oxide film (135). (See Figs. 1-9). 

With respect to claim 10, Mehta teaches a method of fabricating a semiconductor device 
as claimed includin g: .,. . _ . .. . - 

(a) forming an oxidation prevention film (18) on a circuit formation surface of a 
semiconductor substrate (12); 

(b) forming a trench (44) having a desired depth at a predetermined position of the circuit 
formation surface of the semiconductor substrate, the trench having an upper end portion 
adjacent the circuit formation surface of the semiconductor substrate; 
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(c) oxidizing a trench portion formed in the semiconductor substrate, exposed in the 
trench (44); 

(d) burying a buried insulating film (60) into the trench so oxidized, the insulating film 
also being formed on the oxidation prevention film (18); 

(e) removing the insulating film (60) formed on the oxidation prevention film (18) 

_ ~~ ^(fMfter removing,. oxidizing-oniy,apportion-o£the.semiconductor.substrate, at the upper „_ ... 

end portion of the trench and not substantially at other portions of the semiconductor substrate 
lining the trench, to provide the upper end portions with a curvature; and 

(g) removing the oxidation prevention film (18) formed on the circuit formation surface 
of the semiconductor substrate. (See Figs. 1-9). 

With respect to claim 12, providing curvature of Mehta includes forming a well known 
bird's beak at the upper end portion of the trench, (see Fig. 1). 

With respect to claim 13, the providing the curvature of Mehta is formed such that an 
angle (6) between the circuit formation surface of the semiconductor substrate and a side surface 
-of th^semiconductor substratefor^ ^_ -_ 

With respect to claim 15, Mehta teaches a method of fabricating a semiconductor device 
as claimed including: 

(a) forming an oxidation prevention film (18) on a circuit formation surface of a 
semiconductor substrate (12); 
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(b) forming a trench (44) having a desired depth at a predetermined position of the circuit 
formation surface of the semiconductor substrate, the trench having an upper end portion thereof 
extending to the circuit formation surface of the semiconductor substrate; 

(c) oxidizing a trench portion formed in the semiconductor substrate, exposed in the 
trench (44), so as to provide the upper end portion of the trench with a curvature; 

^ __(d)Juirying.a buried insulating-film (60) into- thctrench scLoxidized r theJnsulating-also — 

being formed on the oxidation prevention film (18); 

(e) removing the insulating film (60) formed on the oxidation prevention film (18), 
having the buried insulating film (60) in the trench; 

(f) after removing, performing thermal oxidation of the semiconductor substrate (12) only 
at the upper portion end portion of the trench (44), to increase the curvature provided in step (c); 
and 

(g) removing the oxidation prevention film (18) formed on the circuit formation surface 
of the semiconductor substrate (12). (See Figs. 1-9). 

_w„ith„respect to~Glaim-41 y -M 

as claimed including: 

(a) forming an oxidation prevention film (18) on a circuit formation surface of a 
semiconductor substrate (12); 

(b) forming a trench (44) having a desired depth at a predetermined position of the circuit 
formation surface of the semiconductor substrate (12), the trench having an upper end portion 
adjacent the circuit formation surface of the semiconductor substrate; 
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(c) oxidizing a trench portion formed in the semiconductor substrate, exposed in the 
trench (44), forming a curvature of the upper end portion of the trench (44); 

(d) burying a buried insulating film (60) into the trench (200) so oxidized, the insulating 
film also being formed on the oxidation prevention film (18); 

(e) removing the insulating film (60) formed on the oxidation prevention film (18); 

« . (f) after,theLremaving,,selectively oxidizing-the semiconductor substrate^tJ:he.upperjend - 
portion so as to provide an increased curvature of the upper end portion of the trench (44) as 
compared with the curvature formed in step (c); 

(g) eliminating the oxidation prevention film (18) formed on the semiconductor substrate; 

and 

(h) after the eliminating, forming a gate oxide film (135). (See Figs. 1-9). 

With respect to claim 46, Mehta c 063 teaches a method of fabricating a semiconductor 
device as claimed including: 

(a) forming an oxidation prevention film (18) on a circuit formation surface of a 
semiconductor substrate (1 2); . _ _ _ _ - _-_ -__ 

(b) forming a trench regions (44) in the substrate from the circuit formation surface 

thereof; 

(c) performing a first oxidation to form an oxide film (56) on the trench regions formed in 
step (b), so as to provide a curvature at an opening side of the trench regions (44); and 
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(d) forming an insulating film (60) inside the oxidized trench regions (44) so as to 
completely fill them, the insulating film (60) also being formed on the oxidation prevention film 
(18); 

(e) removing the insulating film (60) formed on the oxidation prevention film (18); 

(f) after the removing, performing a selective second oxidation to selectively oxidize the 
.opening side of the corapleteLyJLlledatench.regions (44) in the -substrate (12) so as to-provide- an — 
increased curvature at the opening side as compared to the curvature provided in step (c); and 

(g) after performing the second oxidation, removing the oxidation prevention film (18) 
and forming a gate oxide film (135). (See Figs. 1-9). 

With respect to claim 47, Mehta teaches a method of fabricating a semiconductor device 
as claimed including: 

(a) forming an oxidation prevention film (18) on a circuit formation surface of a 
semiconductor substrate (12); 

(b) forming a trench (44) having a desired depth at a predetermined positions of the 
circuit formation surface of the_semiconductor substrate (12), the-trenc^ _ 
portions thereof extending to the circuit formation surface of the semiconductor substrate (12); 

(c) oxidizing a trench portions formed in the semiconductor substrate (12), exposed in the 
trenches (44), there by providing the upper end portion of the trench with a curvature; 

(d) burying a buried insulating film (60) into the trench (44) so oxidized, the insulating 
film (60) also being formed on the oxidation prevention film (18); 

(e) removing the insulating film (60) formed on the oxidation prevention film (18); 
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(f) after the removing, providing the upper end portion of the trench (44) with an 
increased radius of curvature, as compared with the radius of curvature provided in step (c), by 
selectively oxidizing the upper end portion of the trench (44); and / 

(g) removing the oxidation film prevention film (18) formed on the circuit formation 
surface of the semiconductor substrate (12). (See Figs. 1-9). 

With respect to claim 17, the oxidizing of Mehta is thermal oxidation, so as to provide the 
curvature. 

With respect to claims 18-20 and 30-38, the buried insulating film of Mehta is silicon 
oxide, deposited by CVD. 

With respect to claim 39, the step (f) of removing the oxidation prevention film (18) of 
Mehta is performed after the performing thermal oxidation. 

With respect to claims 42 and 48, step (g) of Mehta is performed after step (f). 

With respect to claims 49 and 52, the oxidation prevention film (18) of Mehta is 
eliminated after the oxidizing only a portion of the semiconductor substrate. 

Claim Rejections - 35 USC §103 
The text of those sections of Title 35, U.S. Code not included in this action can be found 
in a prior Office action. 

4. Claims 2, 3, 5, 6, 21-23, 27-29, 43, 44 and 51 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Mehta '063 in view of Kojiro (JP-0 1-107554) (cited previously). 
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With respect to claims 2 and 43, Mehta teaches a method of fabricating a semiconductor 
device as claimed including: 

(a) forming an oxidation prevention film (18) on a circuit formation surface of a 
semiconductor substrate (12); 

(c) forming trenches (44) having a predetermined depth in the semiconductor substrate; 
.~(d) oxidizing trench portions formed in the semiconductor substrate.(12),. exposed. in the 
trenches (44); 

(e) burying a buried insulating film (60) into the trench so oxidized, the insulating film 
(60) also being formed on the oxidation prevention film (18); 

(f) removing the insulating film (60) formed on the oxidation prevention film (18); 

(g) oxidizing only portion of the semiconductor substrate extending from the corners, and 
not substantially at other portions of the semiconductor substrate lining the trenches, after the 
removing , so as to increase the curvature of the trenches corner; 

(h) eliminating the oxidation prevention film (18) formed on the semiconductor substrate; 

and 

(i) after eliminating, forming_a gate_oxid_e film (135). (SeeJEigs. _i=9)_._ _ 

Thus, Mehta is. shown to teach all the features of the claim with the exception of forming 
the trenches using two steps etching. 

However, Kojiro '554 teaches forming a trench using two steps etch: 

(b) forming shallow trenches having a radius curvature at the corners in a desired position 
of the circuit formation surface of a semiconductor substrate (1); 
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(c) forming trench having a predetermined depth to the shallow trenches having a radius 
of curvature so formed. (See Figs. 1). 

Therefore, it would have been obvious to one having ordinary skill in the art at the time 
of invention to form the trenches of Mehta using two etching steps as taught by Kojiro to 
reducedJeakage -current,. (See Constitution). ....... ~ ™ ..^ . 

With respect to claim 5, Mehta teaches a method of fabricating a semiconductor device as 
claimed including: 

(a) forming an oxidation prevention film (18) on a circuit formation surface of a 
semiconductor substrate (12); 

(c) forming trenches (44) having a predetermined depth in the semiconductor substrate; 

(d) oxidizing trench portions formed in the semiconductor substrate (12), exposed in the 
trenches (44); 

(e) burying a buried insulating film (60) into the trench so oxidized, the insulating film 
(60) also being formed on the pxidAtion.prey_ention„film (18); : _ __ .z^.. 

(f) removing the insulating film (60) formed on the oxidation prevention film (18); 

(g) after the removing, oxidizing only portion of the semiconductor substrate extending 
from the corners, and not substantially at other portions of the semiconductor substrate lining the 
trenches, so as to increase the curvature of the trenches corner; 

(h) removing the oxidation prevention film (18) formed on the circuit formation surface 
of the semiconductor substrate (12); and 
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(i) after the oxidizing the semiconductor substrate (12), forming a gate oxide film (135). 
(See Figs. 1-9). 

Regarding the formation of shallow trenches having radius of curvature, the similar 
reasoning as that of claims 2 and 43 is also applied here. 

With respect to claims 3, 6, the step for forming shallow trenches of Kojiro is carried out 
by isotropic etching and the step of forming trenches is carried out by anisotropic etching to a 
predetermined depth. 

With respect to claims 21-23, 27-29, the buried insulating film of Mehta is silicon oxide, 
deposited by CVD. 

With respect to claim 44, step (h) of Mehta is performed after step (g). 

With respect to claim 51, the oxidation prevention film (18) of Mehta '063 is removed 
after the oxidizing only portion of the semiconductor substrate. 

5, Claims 4. 24-26. 45. 5_0_and_53„areTeiected^under 35 1LSXL 103(a) as -bein g-unpatentable- 
over Mehta (U.S. Patent No. 5,679,599) (cited previously). 

With respect to claim 4, Mehta c 599 teaches a method of fabricating a semiconductor 
device substantially as claimed including: 

(a) forming an oxidation prevention film (120) on a circuit formation surface of a 
semiconductor substrate (100); 
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(b) forming a trench having a predetermined depth at a desired positions of the circuit 
formation surface of the semiconductor substrate, the trench having an upper end portion (185) 
not covered by the oxidation prevention film (120); 

(c) oxidizing trench portions formed in the semiconductor substrate, exposed in the 

trench; 

- ~ (d) burying a buried.insulating^film (230) into the trench so oxidized, the insulating-film 

also being formed on the oxidation prevention film (120); 

(e) removing the insulating film (230) on the oxidation prevention film (120); 

(f) after the removing, oxidizing only a portion of the semiconductor substrate at the 
upper end portion of the trenches, and not substantially at other portions of the semiconductor 
substrate lining the trenches, the upper end portions not covered by the oxidation prevention film 
being oxidized; 

(g) removing the oxidation preventing film (120) formed on the circuit formation surface 
of the semiconductor substrate; and 

(h) after the oxidizing the semiconductor substrate, forming a gate oxide film. (See Figs. 
11-18). . _ _ __ _ _. _ 

Thus, Mehta '599 is shown to teach all the features of the claim with the exception of 
explicitly disclosing the removal of the oxidation preventing film (120) and forming a gate oxide 
film. 

However, the teaching of Mehta includes forming the isolation structure in an integrated 
circuit such as CMOS and memory devices, as shown in Fig. 5. 
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Therefore, it would have been obvious to one having ordinary skill in the art at the time 
of invention to remove the oxidation prevention film (120) and form the gate oxide on the 
semiconductor substrate of Mehta at the completion of the isolation structures since the process 
is well known and within the ability of a skill worker in the art prior to the forming the CMOS 
and the memory devices. 

With respect to claims 24-26, the buried insulating film (230) of Mehta is silicon oxide, 
deposited by CVD. 

With respect to claim 45, Mehta '599 teaches a method of fabricating a semiconductor 
device substantially as claimed including: 

(a) forming an oxidation prevention film (120) on a circuit formation surface of a 
semiconductor substrate (100); 

(b) forming a trench (200) having a predetermined depth at a desired positions of the 
circuit formation surface of the semiconductor substrate (100), the trench having an upper end 
portions not covered by the oxicJa^r^prevention film (120); „ . _ . 

(c) oxidizing a trench portions formed in the semiconductor substrate (100), exposed in 
the trenches (200), so as to provide a curvature at the upper end portions of the trench (200); 

(d) burying a buried insulating film (230) into the trench (200) so oxidized, the insulating 
film (230) also being formed on the oxidation prevention film (120); 
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(f) selectively oxidizing the semiconductor substrate (100) after the insulating film (230) 
formed on the oxidation prevention film (120) is removed, the upper end portion not covered by 
the oxidation prevention film (120) being oxidized; 

(g) removing the oxidation prevention film (120) formed on the circuit formation surface 
of the semiconductor substrate; and 

-(h) after oxidizing the semiconductor-substrate, forming^ gate oxide film, (See Figs, 1 1- 

18). 

Regarding the removal of the oxidation preventing film (120) and forming a gate oxide 
film, the similar reasoning as that of claim 4 is also applied here. 

With respect to claims 50 and 53, the oxidation prevention film (120) of Mehta '599 is 
removed after the oxidizing only portion of the semiconductor substrate. 

Response to Arguments 
6. Applicant's arguments with respect to all claims Jiave been considered, but are_moot in _ 
view of the new ground(s) of rejection. 

The Amendment to the claims have altered the scope of the claims. The Office Action 
based on the amended claims constitutes new ground of rejection. 



Conclusion 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Anh D. Mai whose telephone number is (703) 305-0575. The 
examiner can normally be reached on 8:30AM-5 :00PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Wael Fahmy can be reached on (703) 308-4918. The fax phone numbers for the 
...organization where this application or proceeding is assigned are (7Q3)308~77v22.fcr regular .— 
communications and (703) 308-7722 for After Final communications. 

Any inquiry of a general nature or relating to the status of this application or proceeding 
should be directed to the receptionist whose telephone number is (703) 308-0956. 

AM ^ 
February 27, 2003 - / 
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